Abstract. The experimental elastic scattering angular distributions for the weakly bound nuclei 6, 7 Li and for the halo nucleus 6 He on the same 64 Zn target at several energies around the Coulomb barrier were measured at the Laboratori Nazionali del Sud (LNS, Italy) and at the Cyclotron Research Center, Louvain La Neuve (Belgium), respectively. The measured elastic scattering angular distributions of these three systems at the same center of mass energy have been compared. The experimental data of the 6,7 Li+ 64 Zn systems have been analyzed within the CDCC method, while the 6 He+ 64 Zn data have been compared with both both CDCC and CRC calculations.
INTRODUCTION
The study of collisions induced by halo and weakly bound nuclei had a considerable interest in the last decade. In fact, due to the coupling to breakup channels, strong effects on the elastic scattering and fusion have been predicted and observed [1, 2, 3, 4] . In the case of the two stable lithium isotopes, 6, 7 Li, elastic scattering angular distributions on different targets have been extensively measured and analyzed within the Continuum-Discretized Coupled-Channel (CDCC) method, showing that the couplings to the breakup process have a significant effect on the elastic scattering [5] .
One of the most studied exotic nuclei has been 6 He [6, 7, 8, 9, 10, 11, 12] , since intense beams of such isotope are available at different Radioactive Ions Beams (RIB) facilities. This nucleus has a tightly bound core (α particle) and two loosely bound neutrons (S 2n =0.97 MeV). These two neutrons have a large probability of being far away from the core, producing the so-called nuclear halo. The 6 He nucleus constitutes an archetype of Borromean nucleus, since the α-neutron and neutron-neutron systems are unbound. In Refs. [8, 9, 10, 11, 12, 13, 14] , a long range effect on the optical potential was observed, which can be explained in terms of strong couplings to the breakup channels.
Recently, a systematic study of 6, 7 Li + 64 Zn reactions at energies around the Coulomb barrier was carried out at LNS. The elastic scattering angular distributions were measured for both systems at different energies [15, 16] . We present results concerning the elastic scattering for the 6, 7 Li+ 64 Zn reactions at the same center of mass energies. In addition, new preliminary experimental data for the collision 6 He+ 64 Zn are presented and compared with three-body CDCC calculations, which assume a simple di-neutron model of the projectile 6 He. On the other hand, the experiment corresponding to the collisions 6 He on 64 Zn was performed at the Cyclotron Research Center of Louvain La Neuve, Belgium. The reactions 6, 4 He+ 64 Zn at center of mass energies of 13.5 and 16.5 MeV were measured to complement old measurements performed by our group on the same systems at different energies [3, 6] . The experimental setup was composed by an array of 4 LEDA detectors [17] covering the forward angles 5
EXPERIMENTAL SETUPS
• < θ lab <12
• . Another array of 3 LEDA detectors (so-called LAMP detector), placed at 45
• with respect to the beam axis, covered the angular range 22
• < θ lab <65
• . Finally, two double sided silicon strips detectors (DSSSD) were used to cover the backward angles, between 67
• and 120
• (see Fig. 1 ). For additional details see Refs. [3, 13] . In Fig. 2 , the preliminary elastic scattering angular distributions of the 6, 7 Li and 6 He on 64 Zn systems at the same center of mass energy (E c.m. =13.5 MeV) are presented.
THEORETICAL CALCULATIONS
In the last years, the CDCC method has been successfully applied to describe collisions induced by halo and weakly bound nuclei, such as 6, 7, 11 Li, 11 Be and 6 He [1, 2, 6, 9, 18, 19, 20] . This formalism uses the coupled channel method to solve the scattering problem. It is known that for weakly bound and halo nuclei it is important to take into account the continuum states of the projectile. These states are included and discretized by means of the so-called binning method [21] . The calculations were performed using the code FRESCO [22] , in which both nuclear and Coulomb effects were considered.
The CDCC method is based on a elastic direct breakup mechanism, where the breakup process is considered as a inelastic excitation of the projectile to its continuum states. We would like to emphasize that this calculation do not consider the non-elastic breakup, i.e, breakup processes accompanied of target excitation or neutron absorption.
In this framework, we have analyzed the reactions induced by 6, 7 Li and 6 He on the same 64 Zn target.
6,7
Li+ 64
Zn reactions
The 6 Li nucleus was described as an α+d structure, with a break-up threshold at 1.47 MeV above the ground state. The resonances 3 + , 2 + , 1 + , corresponding to the coupling between the angular momentum =2 and the spin of the deuteron s=1, and the non-resonant states were included in the calculations. On the other hand, the 7 Li isotope was described as an α+t system, with a break-up threshold at 2.47 MeV. The excited state 1/2 − , the resonances 7/2 − , 5/2 − ( =3 coupled to the tritium spin s=1/2) and the non-resonant states were considered.
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In Fig. 2 , the solid blue lines represent the CDCC calculations, while the dotted red lines correspond to the calculations without couplings to the continuum states of the projectile. A good agreement between the predictions of the CDCC calculations and the experimental data was observed. In the case of the 6 Li induced collisions, it was necessary to include the couplings to the breakup channels to reproduce the experimental data, while for the 7 Li reactions these couplings were less important. Similar results were observed at the other bombarding energies. This behavior could be linked to the fact that the breakup threshold of 6 6 He + 64 Zn reaction. The CRC calculation considering one-neutron transfer mechanism is represented by the dashed green line. 6 
He+

64
Zn reaction
The 6 He+ 64 Zn reaction has been analyzed within the three-body (α+2n+ 64 Zn) CDCC method. The improved dineutron model for 6 He (α+2n) of Ref. [23] was used. This model, which assumes a two-neutron cluster with spin zero bound to the α core with an effective separation energy of 1.6 MeV, was applied to describe several reactions involving 6 He nucleus [23] . In Fig. 2 , the CDCC calculation of the elastic scattering angular distribution for the 6 He+ 64 Zn system is represented by the solid blue line. To study the effects of the coupling to the continuum states of the projectile, we have included the calculations without such couplings, represented by the dotted red line. Comparing both calculations we see that the inclusion of the breakup channels has a strong effect on the elastic cross section and a reduction of the Coulomb-nuclear interference peak is observed.
The CDCC calculation underestimates the experimental data of the 6 He+ 64 Zn reaction. Therefore, additionally to this calculation, a Coupled Reaction Channel (CRC) calculation considering the one-neutron transfer to bound and unbound states of the target has been performed, since this calculation described the elastic cross section of the 6 He+ 64 Zn reaction at E c.m. =12.4 MeV [24] . In Ref. [24] , the one-neutron transfer mechanism was found to be a more suitable representation than that considering two-neutron transfer to bound and unbound states of the target. In addition, the CRC calculations, performed in [24] , were an useful method to describe the experimental fusion excitation function reported in Ref. [6] .
To include the final states of 65 Zn * the same procedure of Ref. [24] has been considered, where the final states include the single-particle states of Ref. [25] and some door-way states.
The calculated elastic scattering angular distribution is represented by the green dashed line in Fig. 2 . Unlike to the CDCC result, a good agreement between the prediction of the CRC calculation and the experimental data is observed.
The obtained results suggest that the elastic direct breakup process (CDCC calculation), where the core and the target are considered as inert particles, is not a good approach to describe the elastic scattering of the 6 He+ 64 Zn reaction at E c.m. =13.5 MeV. On the other hand, the CRC calculation, based on a breakup process in which one neutron is transferred to bound and unbound states of the target, reproduces the experimental data. This result is different from that obtained in Ref. [24] , where both CDCC and CRC calculations were in reasonable agreement with the experimental data at E c.m. =12.4 MeV, which could indicate a possible energy dependency of the different breakup mechanisms in the collisions induced by 6 He on 64 Zn.
CONCLUSIONS
Experimental results for elastic scattering of the weakly bound nuclei 6, 7 Li and the halo nucleus 6 He on 64 Zn at the same center of mass energy have been presented. The 6,7 Li+ 64 Zn collisions have been reproduced within the CDCC framework. The calculated elastic scattering angular distributions are in good agreement with the experimental data. The couplings to the breakup channels have a significant effect in the case of the 6 Li scattering, whereas minor effects have been found for the 7 Li case. This behavior could be due to the smaller breakup threshold of the 6 Li (S α =1.47 MeV) nucleus compared with 7 Li (S α =2.47 MeV). In the 6 He+ 64 Zn reaction, we have observed a strong effect of the coupling to breakup channels. Two different calculations, CDCC and CRC calculations, including couplings to the breakup channels have been performed within different breakup mechanism. The CDCC calculation fails to reproduce the experimental elastic scattering angular distribution. However, we have observed that the CRC method provides a more suitable approach to describe the elastic scattering angular distribution, where the 6 He breakup is treated within one-neutron transfer to the continuum picture.
